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(57) ABSTRACT

A system for managing changes in current demand, including
one or more processors, a memory coupled to at least one of
the processors, a clock generation circuit coupled to the
memory and configured to output a clock, one or more func-
tional blocks, a power supply, configured to output a plurality
of voltage levels, and a power management unit. The power
management unit may be configured to set the power supply
output to a first voltage level and then detect indications of an
impending change in current demand within the SoC. If an
indication of an impending change in current demand is
detected, then the power management unit may be configured
to adjust the power supply output to a second voltage level.
After determining the impending change in current demand
has occurred, the power management unit may be configured
to adjust the power supply output back to the first voltage
level.

20 Claims, 4 Drawing Sheets
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1
CONTROL SCHEME TO TEMPORARILY
RAISE SUPPLY VOLTAGE IN RESPONSE TO
SUDDEN CHANGE IN CURRENT DEMAND

BACKGROUND

1. Technical Field

This invention is related to the field of integrated circuit
implementation, and more particularly to the implementation
of power management circuits.

2. Description of the Related Art

Computing systems may include one or more systems-on-
a-chip (SoC), which may integrate a number of different
functions, such as, graphics processing, onto a single inte-
grated circuit. With numerous functions included in a single
integrated circuit, chip count may be kept low in mobile
computing systems, such as tablets, for example, which may
resultinreduced assembly costs, and a smaller form factor for
such mobile computing systems.

In some SoC designs, processors included in the SoC may
enter an inactive state upon completing certain computing
tasks to reduce power consumption or to reduce the emission
of electromagnetic interference (EMI). Peripheral circuitry
may similarly enter idle states to further conserve system
power consumption or reduce EMI. Another method for
reducing power is to reduce the operating frequency of the
system when there is a low demand for processing power. A
lower operating frequency reduces the dynamic current of the
system. In addition, functional blocks not in use may be
powered down or placed into low power idle states.

In some system-on-a-chip (SoC) designs, a voltage regu-
lator may be used to maintain the voltage level of the power
supply used throughout the SoC to prevent the voltage level
from rising to a level which may damage the circuits. Some
voltage regulating systems may be capable of providing mul-
tiple voltage levels such that the system voltage level may be
adjusted to match the power requirements in certain states.
For example, the voltage level of the power supply may be
reduced when the processor is in an idle state.

The method on which many voltage regulator designs
operate may be susceptible to problems when there is a sud-
den change in the current consumption from the logic circuits
to which the regulator is providing power. A sudden increase
in current consumption may cause a temporary drop in the
voltage level of the output of the regulator while the regulator
adjusts to compensate. If the voltage level drops below a
minimum voltage level necessary to operate the logic circuits,
even briefly, a logic state within the logic circuits may be
corrupted, which may lead to indeterminate behavior and a
possible processing exception.

A known SoC device includes a circuit that increases a
system voltage to a safe voltage level, higher than the normal
operating voltage level, in response to a temperature measure-
ment that indicates the temperature of the SoC is rising above
a nominal level. In addition to increasing the system voltage
responsive to a temperature measurement, this circuit will
increase the system voltage responsive to an increase to the
frequency of the processor’s clock. The increase of the system
voltage to the safe voltage level lasts approximately 10 micro-
seconds and then returns to the normal operating voltage
level.

SUMMARY OF THE EMBODIMENTS

Various embodiments of a power management system are
disclosed. Broadly speaking, a system, an apparatus, and a
method are contemplated in which the system includes one or
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more processors, a memory coupled to at least one of the
processors, a clock generation circuit coupled to the memory
and configured to output a clock signal, one or more func-
tional blocks, a power supply, configured to output a plurality
of voltage levels, and a power management unit. The power
management unit may be configured to set the power supply
output to a first voltage level and then detect indications of an
impending change in current demand within the SoC. If an
indication of an impending change in current demand is
detected, then the power management unit may be configured
to adjust the power supply output to a second voltage level.
After determining the impending change in current demand
has occurred, the power management unit may be configured
to adjust the power supply output back to the first voltage
level.

In an various embodiments, to detect indications of an
impending change in current demand within the SoC, the
power management unit may be further configured to monitor
instructions queued for the one or more processors, monitor
accesses to the memory, monitor the clock management cir-
cuit, or monitor a power status of the one or more functional
blocks.

In other embodiments, the power management unit may be
further configured to wait a predetermined amount of time
after determining the impending change in current demand
has occurred. In alternate embodiments, the predetermined
amount of time may vary depending on the source of the
cause of the impending change in current demand.

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description makes reference to the
accompanying drawings, which are now briefly described.

FIG. 1 illustrates an embodiment of a system-on-a-chip.

FIG. 2 illustrates an embodiment of a power management
unit.

FIG. 3 illustrates possible waveforms of an embodiment of
a power management unit.

FIG. 4 illustrates an embodiment of a power management
unit.

FIG. 5illustrates a flowchart of an embodiment of a method
for setting the voltage regulator drive output.

FIG. 6 illustrates a flowchart of an embodiment of a method
for monitoring

While the disclosure is susceptible to various modifica-
tions and alternative forms, specific embodiments thereof are
shown by way of example in the drawings and will herein be
described in detail. It should be understood, however, that the
drawings and detailed description thereto are not intended to
limit the disclosure to the particular form illustrated, but on
the contrary, the intention is to cover all modifications,
equivalents and alternatives falling within the spirit and scope
of the present disclosure as defined by the appended claims.
The headings used herein are for organizational purposes
only and are not meant to be used to limit the scope of the
description. As used throughout this application, the word
“may” is used in a permissive sense (i.e., meaning having the
potential to), rather than the mandatory sense (i.e., meaning
must). Similarly, the words “include,” “including,” and
“includes” mean including, but not limited to.

Various units, circuits, or other components may be
described as “configured to” perform a task or tasks. In such
contexts, “configured to” is a broad recitation of structure
generally meaning “having circuitry that” performs the task
ortasks during operation. As such, the unit/circuit/component
can be configured to perform the task even when the unit/
circuit/component is not currently on. In general, the circuitry
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that forms the structure corresponding to “configured to” may
include hardware circuits. Similarly, various units/circuits/
components may be described as performing a task or tasks,
for convenience in the description. Such descriptions should
be interpreted as including the phrase “configured to.” Recit-
ing a unit/circuit/component that is configured to perform one
or more tasks is expressly intended not to invoke 35 U.S.C.
§112, paragraph six interpretation for that unit/circuit/com-
ponent. More generally, the recitation of any element is
expressly intended not to invoke 35 U.S.C. §112, paragraph
six interpretation for that element unless the language “means
for” or “step for” is specifically recited.

DETAILED DESCRIPTION OF EMBODIMENTS

A system on a chip (SoC) may include one or more func-
tional blocks, such as, e.g., a processor, which may integrate
the function of a computing system onto a single integrated
circuit. To reduce power consumption in some SoC designs,
processors included in the SoC may enter an inactive, idle
state upon completing certain computing tasks. An idle state
may be when the processor is not executing instructions. An
idle state may additionally include a lack of activity in one or
more co-processors such as, for example, an arithmetic logic
unit. Other methods for reducing power include turning vari-
ous functional blocks off or putting them in low power modes
when they are not in use. In some SoC designs, one or more
clock frequencies may be temporarily reduced when the func-
tional blocks coupled to the clock do not currently require a
full speed clock.

When a functional block, such as, for example, a second
CPU core, or floating point coprocessor, or an encryption
engine, transitions from an off state or a low power state to a
fully active state, the transition may cause a sudden change in
current demand on the power source. The sudden current
increase may be induced to charge the functional block from
an off or low power state to an operational or high activity
state (so called wake-up in-rush current). Such a sudden
increase in current consumption may cause a temporary drop
in the voltage level of the output of a voltage regulator as the
regulator adjusts to compensate. If the voltage level drops
below a minimum voltage level necessary to operate the
circuits, even briefly, a state within the circuits may be cor-
rupted, which may lead to indeterminate behavior and a pos-
sible failure.

Various embodiments of a power management unit and
method to identify sudden changes in current consumption
and prepare an SoC power supply for these sudden changes
are discussed in this disclosure. The embodiments illustrated
in the drawings and described below may provide techniques
for managing a power supply circuit within a computing
system that may prevent erroneous operation of circuits
included in an SoC.

System-on-a-Chip Overview

Ablock diagram of an embodiment of an SoC is illustrated
in FIG. 1. Inthe illustrated embodiment, the SoC 100 includes
aprocessor 101 including a core memory 102 and coupled to
memory block 103, I/O block 104, analog/mixed-signal
block 105, clock management unit 106, and power manage-
ment unit 108, all coupled through bus 107. In various
embodiments, SoC 100 may be configured for use in a mobile
computing application such as, e.g., a tablet computer or
cellular telephone.

Processor 101 may, in various embodiments, be represen-
tative of a general-purpose processor that performs compu-
tational operations. For example, processor 101 may be a
central processing unit (CPU) such as a microprocessor, a
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microcontroller, an application-specific integrated circuit
(ASIC), or a field-programmable gate array (FPGA). In some
embodiments, processor 101 may include multiple CPU
cores. In some embodiments, processor 101 may include one
or more register files and memories.

In some embodiments, processor 101 may implement any
suitable instruction set architecture (ISA), such as, e.g., Pow-
erPC™, or x86 ISAs, or combination thereof. Processor 101
may include one or more bus transceiver units that allow
processor 101 to communication to other functional blocks
within SoC 100 such as, memory block, for example.

Core memory 102 may be configured to store frequently
used instructions and data for the processor 101. Core
memory 102 may be comprised of SRAM, DRAM, or any
other suitable type of memory. In some embodiments, core
memory 102 may be a part of a processor core complex (i.e.,
part of a cluster of processors) as part of processor 101 or it
may be a separate functional block from processor 101. In
other embodiments, core memory may be a cache memory.

Memory 103 may include any suitable type of memory
such as, for example, a Dynamic Random Access Memory
(DRAM), a Static Random Access Memory (SRAM), a
Read-only Memory (ROM), Electrically Erasable Program-
mable Read-only Memory (EEPROM), a FLASH memory, a
Ferroelectric Random Access Memory (FeRAM), or a Mag-
netoresistive Random Access Memory (MRAM), for
example. Some embodiments may include a single memory,
such as memory 103 and other embodiments may include
more than two memory blocks (not shown). In some embodi-
ments, memory 103 may be configured to store program
instructions that may be executed by processor 101. Memory
103 may, in other embodiments, be configured to store data to
be processed, such as graphics data, for example.

1/0 block 104 may be configured to coordinate data trans-
fer between SoC 100 and one or more peripheral devices.
Such peripheral devices may include, without limitation, stor-
age devices (e.g., magnetic or optical media-based storage
devices including hard drives, tape drives, CD drives, DVD
drives, etc.), audio processing subsystems, graphics process-
ing subsystems, or any other suitable type of peripheral
devices. In some embodiments, [/O block 104 may be con-
figured to implement a version of Universal Serial Bus (USB)
protocol, IEEE 1394 (Firewire®) protocol, or, and may allow
for program code and/or program instructions to be trans-
ferred from a peripheral storage device for execution by pro-
cessor 101. In one embodiment, I/O block 104 may be con-
figured to perform the data processing necessary to
implement an Ethernet (IEEE 802.3) networking standard.

Analog/mixed-signal block 105 may include a variety of
circuits including, for example, a crystal oscillator, a phase-
locked loop (PLL) or delay-locked loop (DLL), an analog-
to-digital converter (ADC), and a digital-to-analog converter
(DAC) (all not shown). In some embodiments, analog/mixed-
signal block 105 may also include, in some embodiments,
radio frequency (RF) circuits that may be configured for
operation with cellular telephone networks. Analog/mixed-
signal block 105 may include one or more voltage regulators
to supply one or more voltages to various functional blocks
and circuits within those blocks.

Clock management unit 106 may be configured to select
one or more clock sources for the functional blocks in SoC
100. In various embodiments, the clock sources may be
located in analog/mixed-signal block 105, in clock manage-
ment unit 106, in other blocks with SoC 100, or come from
external to SoC 100, coupled through an I/O pin. In some
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embodiments, clock management 106 may be capable of
dividing a selected clock source before it is distributed
throughout SoC 100.

System bus 107 may be configured as one or more buses to
couple processor 101 to the other functional blocks within the
SoC 100 such as, e.g., memory 102, and I/O block 104. In
some embodiments, system bus 107 may include interfaces
coupled to one or more of the functional blocks that allow a
particular functional block to communicate through the bus.
In some embodiments, system bus 107 may allow movement
of'data and transactions (i.e., requests and responses ) between
functional blocks without intervention from processor 101.
For example, data received through the I/O block 104 may be
stored directly to memory 103.

Power management unit 108 may be configured to manage
power delivery to some or all of the functional blocks
included in SoC 100. Power management unit 108 may com-
prise sub-blocks for managing multiple power supplies for
various functional blocks. In various embodiments, the power
supplies may be located in analog/mixed-signal block 105, in
power management unit 108, in other blocks with SoC 100, or
come from external to SoC 100, coupled through a power
supply pin. Power management unit 108 may receive signals
that indicate the operational state of one or more functional
blocks. In response to the operational state of a functional
block, power management unit may adjust the output of a
power supply.

It is noted that the SoC illustrated in FIG. 1 is merely an
example. In other embodiments, different functional blocks
and different configurations of functions blocks may be pos-
sible dependent upon the specific application for which the
SoC is intended. It is further noted that the various functional
blocks illustrated in SoC 100 may operate at different clock
frequencies, and may require different power supply voltage
levels.

Power Management within an SoC

Turning to FIG. 2, an embodiment of a power management
unit is illustrated. Power management unit 200, in some
embodiments, may correspond to power management unit
108 in FIG. 1. Power management unit 200 may include two
power supplies, voltage generator 201a and voltage generator
2015, system monitor 202, and voltage selector 203. Various
embodiments of power management unit may have more than
two supply voltages, or supply voltages may reside outside of
the power management unit and simply receive the voltage
signals for distribution to functional blocks within SoC 100.

Voltage generator 201a and voltage generator 2015 may be
coupled to a system power supply and may generate output
signals of different voltage levels to provide power to one of
more functional blocks within a system such as, e.g., SoC 100
as illustrated in FIG. 1. In some embodiments, voltage gen-
erator 201a may generate an output signal with a voltage level
to be used during normal operation of SoC 100 and voltage
generator 2015 may generate an output signal with a voltage
level to be used when SoC 100 is expecting a sudden
increased workload that may require a temporary increase in
voltage. In some embodiments, a single supply voltage that
may be capable of generating a plurality of output signals of
various voltage levels may be used. Voltage generator 201a
and voltage generator 2015 may be designed according to one
of various design styles and may include voltage regulators,
voltage dividers, charge pumps, voltage doublers, or any
other suitable voltage generation circuit.

System monitor 202 may be coupled to one or more func-
tional blocks within SoC 100. In some embodiments, system
monitor may detect indications of an upcoming change in the
SoC workload that may result in a sudden change in the
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current demand. An example of an indication that system
monitor 202 may detect includes clock management 106
receiving a command to change frequency. Other examples
include commands to enable or disable a given functional
block, a read command to certain memory types, a write
command to a non-volatile memory, or a specific instruction
or set of instructions in a command execution queue. In
response to detecting indications that a sudden change in
current demand may be impending, system monitor 202 may
assert a signal.

Voltage selector 203 may, in some embodiments, be
coupled to supply voltages 201a and 2016 and to system
monitor 202. In some embodiments, voltage selector 203 may
select a voltage level to distribute to functional blocks in SoC
100, determined by one or more signals received from system
monitor 202. For example, if system monitor 202 is not
asserting a signal to indicate an impending change in current
demand, then voltage selector 203 may distribute the voltage
signal from voltage generator 201a. However, if system
monitor 202 is asserting a signal to indicate an impending
change in current demand, then voltage selector 203 may
distribute the voltage signal from voltage generator 2015.

It is noted that the embodiment of a power management
unit 200 as illustrated in FIG. 2 is merely an example. The
numbers and types of functional blocks may differ in various
embodiments. For instance, more than two supply voltage
blocks may be used. In other embodiments, more than one
system monitor may be used, with each system monitor con-
figured to detect a different indication of an impending
change in current demand.

Turning to FIG. 3, example waveforms that may illustrate
the operation of a power management unit, such as, e.g.,
power management unit 200 as illustrated in FIG. 2, are
shown. Referring collectively to the waveforms of FIG. 3 and
the embodiment of FIG. 2, waveform 301 may show system
current demand versus time. Waveform 302 may show the
voltage output signal of a system power supply with no com-
pensation for sudden changes in current demand. Waveform
303 may show the voltage output signal of a system power
supply with compensation for sudden changes in current
demand.

In this example, time t1 may be when a sudden change in
current demand begins, as illustrated in waveform 301. As a
result of the sudden change, the voltage level of an output
signal from a power supply with no compensation may drop
to a voltage level that may be too low for circuits coupled to
it. Due to this voltage drop, the coupled circuits may enter an
unknown state which could lead to erratic and/or indetermi-
nate behavior, causing a system failure. The event that caused
the sudden current demand change may have passed and the
output signal of the power supply may have stabilized by a
time t2. However, by time t2, the circuits coupled to the power
supply output may have already failed.

In contrast, a power supply with compensation for sudden
current demand changes, such as for example, power man-
agement unit 200 in FIG. 3, may be able to detect when the
sudden change in current demand is about to happen. System
monitor 202 may receive an indication of the sudden current
demand change at time t3. In response to the indication,
voltage selector 203 may switch the output signal from V1,
supplied by voltage generator 201a, to a higher voltage, V2,
supplied by voltage generator 2015. As a result, at time tl
when the sudden current demand change occurs, the output of
power management unit 200 may be at voltage level V2 and
the voltage drop that may occur in response to the current
demand change may only drop to a level near or slightly
below V1, the original nominal operating voltage. This volt-
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age drop may remain above the minimum voltage level to
keep coupled circuits from entering unknown states and
therefore prevent a system failure.

At time t2, when the event that has caused the sudden
current demand change has passed and the voltage level of the
power management unit 200 output signal has stabilized,
voltage selector 203 may switch back to voltage generator
201a. By time t4, the output signal from power management
unit 200 may settle back to voltage level V1.

It is noted that FIG. 3 is merely an example of possible
waveforms illustrated for demonstration purposes. Actual
waveforms may vary due to specific circuit embodiments,
technology used to create the circuits and other factors in the
operation of the system.

Turning to FIG. 4, an alternate embodiment of a power
management unit is illustrated. Power management unit 400,
which may correspond to power management unit 108 in
FIG. 1, may be coupled to supply voltage 401 and may
include multiple monitors 402a-402¢ and voltage selector
403, coupled to the multiple monitors 402a-402¢. Power
management unit 400 may receive several status signals from
various functional blocks within SoC 100 and use these sig-
nals to adjust supply voltage 401.

In some embodiments, supply voltage 401 may vary a
voltage level of an output signal, based on a received input
signal or signals. During normal operation of SoC 100, sup-
ply voltage 401 may output a voltage signal at a nominal
operating level. Supply voltage 401 may be part of SoC 100
and coupled to a main voltage supply on SoC 100. In various
embodiments, supply voltage 401 may be on a different die or
in a different package within a same system as SoC 100. In
some embodiments, the output voltage level of supply voltage
401 may correspond to an analog input from power manage-
ment unit 400 and therefore may be infinitely adjustable
between a minimum and maximum output level based on the
analog input. In other embodiments, the output voltage level
of supply voltage 401 may correspond to a digital input from
power management unit 400 and therefore have a finite num-
ber of output levels determined by the number of bits of the
digital input.

The monitors 402a-402¢ may include various system
monitors used to monitor various aspects of the operation of
SoC 100 which may indicate an impending change to the
current demand of SoC 100. In some embodiments, system
monitors may include power state monitor 402a, memory
monitor 4026 and CPU monitor 402¢.

Power state monitor 402¢ may detect a transition in a
functional block from an off or disabled state to a fully func-
tional state that may result in a rapid change in current
demand in SoC 100. In some embodiments, multiple func-
tional blocks may be monitored. In some multi-core CPU
embodiments, a count of active cores may be monitored.
Monitored functional blocks may include, without limitation,
communications interfaces in I/O block 104 from FIG. 1 and
circuits in analog/mixed-signal block 105. In some embodi-
ments, power state monitor 402a may monitor commands
sent to a functional block and detect when a command will
result in a transition from a disabled state to an enabled state.
In alternate embodiments, power state monitor 402a¢ may
monitor a status signal or register status bit within the func-
tional block to detect an upcoming power state transition.

Memory monitor 4026 may detect a read and/or write
command to a memory block such as, e.g., memory 103 in
FIG. 1. Some memory types may require a high current to
read or write a location. For example, flash memories may
need a temporary high current when programming data stor-
age cells and Magnetoresistive Random-Access Memory
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(MRAM) may require temporary high current when reading
or writing bit cells. In examples where a temporary high
current is required, the current demand grows with every bit
cell being read or written. Therefore, a memory access in
which many bits cells are being accessed in parallel may
create a sudden current demand change. Memory monitor
4025 may detect commands sent to memory 103 to determine
if an access will result in a sudden current change. In other
embodiments, memory monitor 4025 may receive a signal
from memory 103 if a high current access is about to occur.

CPU monitor 402¢ may monitor instructions going to a
processor, such as, e.g., processor 101 in FIG. 1. In some
embodiments, some CPU instructions and/or sequences of
instructions may create a sudden change in current demand
by activating additional logic associated with processor 101.
For example, a subset of instructions that may be executed by
processor 101 may activate a math co-processor or a graphics
co-processor, thereby resulting in an increase in current. CPU
monitor 402¢ may monitor an instruction pipeline in proces-
sor 101 to detect instructions known to impact current con-
sumption. In other embodiments, an instruction queue or
cache memory inside processor 101, such as, for example,
core memory 102, may send a signal to CPU monitor 402¢ if
instructions known to cause current surges are detected.

Additional types of monitors may be included in power
management unit 400, such as, for example, a clock monitor
(not shown). A clock monitor may detect a change in clock
settings that will result in a sudden change in a system clock
which may consequently result in a rapid change in current
demand in SoC 100. In some embodiments, a single clock
signal may go to many functional blocks throughout SoC 100.
A change in the frequency of a clock output in such an
embodiment may cause a shift in current consumption as all
clocked functional blocks shift to the higher frequency in
parallel. In some embodiments, the clock monitor may moni-
tor commands sent to clock management unit 106, from FIG.
1, and detect when a command will result in a change to the
frequency of the system clock. In alternate embodiments, the
clock monitor may receive a signal from clock management
unit 106 indicating that clock management unit 106 is about
to change the output frequency.

Voltage selector 403 may receive inputs from monitors
402a-402c¢ that indicate an impending sudden current change.
Dependent upon received inputs, voltage selector may send a
signal to supply voltage 401 to select a given voltage level for
the output signal. In some embodiments, voltage selector 403
may select between two voltage levels, such as, e.g., a nomi-
nal operating voltage and a high-current voltage level. In
other embodiments, voltage selector 403 may select from
various voltage levels based on which monitor sent the signal
indicating an impending sudden current change. In further
embodiments, monitors 402a-402¢ may send additional data
to indicate the severity of the impending sudden current
change and voltage selector 403 may select a voltage level
based on this additional data.

Voltage selector 403 may send a signal to return supply
voltage to a nominal operating voltage in response to deter-
mining the sudden current change has occurred. In various
embodiments, voltage selector 403 may wait a pre-deter-
mined amount of time between signaling for a voltage change
and signaling for a return to the normal operating voltage. In
other embodiments, voltage selector 403 may wait for a sig-
nal from the monitor 402a-402¢ that initiated the voltage
change that it is safe to return to the normal operating voltage.
In further embodiments, voltage selector 403 may use a dif-
ferent pre-determine amount of time for each type of monitor.
In some embodiments, the voltage level of the output signal
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from supply voltage 401 may be monitored and voltage selec-
tor 403 may signal a return to the normal operating voltage
once the output signal has stabilized.

In some embodiments Monitors 402a-402¢ may commu-
nicate to voltage selector 403 through a shared bus. In other
embodiments, monitors 402¢-402¢c may communicate
through a dedicated signal for each monitor. In some embodi-
ments, monitors 402a-4025 may each be an independent
circuit or in other embodiments, some or all of monitors
402a-4025 may share a portion of their respective circuitry.

The embodiment of FIG. 4 is merely an example embodi-
ment of a power management unit. In various embodiments,
other types of system monitors may be included and any
number of monitors may be included. In some embodiments,
more than one supply voltage 401 may be controlled by
power management unit 400. In various embodiments, supply
voltage 401 may be included as part of power management
400 or coupled to power management unit 400 as a separate
circuit. In various embodiments, supply voltage 401 may
provide a voltage equal to or lower than a main SoC 100
power supply voltage level or supply voltage 401 may provide
avoltage signal higher or lower than the main SoC 100 power
supply voltage level.

Methods for Managing Power Supply Voltage Level

Turning to FIG. 5, a method is illustrated for controlling a
power management unit, such as, e.g., power management
unit 200 in FIG. 2. Referring collectively to SoC 100, power
management unit 200, and the flowchart in FIG. 5, the method
may begin in block 501. Power management unit 200 may set
a system power supply output voltage to a first operating
voltage level (block 502). In some embodiments, the first
voltage may correspond to an output of voltage generator
201a.

The method may include monitoring SoC 100, through
system monitor 202, to detect indications of an impending
change in workload which may suddenly increase the current
draw (block 503). It is noted that many indications of a sudden
change in workload may be monitored, such as, for example,
a change to the frequency of a main clock source, execution of
certain processor instructions, access to some memory types,
enabling or disabling of various functional modules, and
more.

The method may then determine if an impending change is
about to occur (block 504). The determination may be made
by observing commands sent to a monitored functional block
to determine of a specific command or sequence of com-
mands is sent to the monitored functional block. In alternate
embodiments, the monitored functional block may send a
signal to system monitor 202. If no impending change in
workload is detected, the method may move back to block
503 and continue monitor the SoC. If an impending change in
workload is detected, the method may move to block 505.

In response to an indication of an impending change in
workload, the method may then change the system power
supply output voltage to a second voltage level (block 505). In
some embodiments, the change to a second voltage level may
include voltage selector 203 switching from the output of
voltage generator 201a with a first voltage level to the output
of'voltage generator 2015 with a second voltage level. Inother
embodiments, switching to a second voltage level may
include sending a command to adjust the output voltage level
to a variable voltage supply, such as, e.g., supply voltage 401
in FIG. 4.

After the voltage level has been changed, the method may
determine if the change in workload has occurred (block
506). In some embodiments, this determination may include
waiting for a predetermined amount of time. In other embodi-
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ments, the determination may include receiving a signal from
system monitor 202 that the change in workload has occurred.
In further embodiments, the determination may include wait-
ing a predetermined amount of time after receiving a signal
from system monitor 202 that the change in workload has
occurred. If the change in workload has not occurred, the
method may remain in block 506. If the change in workload
has been determined to have occurred, the method may move
to block 507.

Once the change in workload has occurred, the method
may change the power supply output voltage back to the first
voltage level (block 507). In some embodiments, the change
back to a first voltage level may include voltage selector 203
switching from the output of voltage generator 2015 to the
output of voltage generator 201a. In other embodiments,
switching to a second voltage level may include sending a
command to adjust the output voltage level to a variable
voltage supply, such as, e.g., supply voltage 401 in FIG. 4. In
further embodiments, the method may change the output
voltage to a third voltage level. The method may end in block
508.

Itis noted that the method illustrated in FIG. 5 is merely an
example embodiment. Variations on this method are possible,
such as, for example, although the method in FIG. 5 illustrates
operations occurring in series, some or all of the operations
may be performed in parallel or in a different sequence. In
some embodiments, additional operations may be included.

Turning to FIG. 6, a method is illustrated for monitoring an
SoC to identify an impending change in workload. FIG. 6
may in some embodiments, correspond to block 503 in FIG.
5. Referring collectively to SoC 100, power management unit
400 in FIG. 4, and the flowchart in FIG. 6, the method may
begin in block 601.

The method may monitor a memory, such as, e.g., memory
103 in FIG. 1 (block 602). Memory 103, in some embodi-
ments, may be a non-volatile memory that requires a high
current to read and/or write. Monitoring logic, such as, e.g.,
memory monitor 4024 in FIG. 4, may, in some embodiments,
monitor an address bus coupled to memory 103 and detect
when an address presented on the bus matches an address
location within memory 103. In alternate embodiments,
memory monitor 40256 may monitor a read/write signal
coupled to memory 103 to detect if a read signal and/or write
signal is asserted, which may indicate an impending high
current memory access. If no indications of a high current
memory access are detected, the method may move to block
604. Otherwise, if an indication is detected, the method may
move to block 603.

In block 603, in certain embodiments, memory monitor
4025 may detect an indication of an impending high current
memory access. In response to the indication, memory moni-
tor 4025 may assert a signal to voltage selection logic, such as
voltage selector 403 in FIG. 4. In some embodiments,
memory monitor 4026 may send a delay time associated with
the impending high current memory access to indicate how
long the high current demand may last. Once the signal has
been asserted, the method may end in block 610.

Inblock 604, the method may monitor instructions about to
be executed by one or more processors, such as, e.g., proces-
sor 101 in FIG. 1. Certain instructions may result in a high
current spike, for example, instructions that require use of a
co-processor such as for example, a floating point unit or an
encryption acceleration unit. In some embodiments, CPU
monitoring logic, such as, e.g., CPU monitor 402¢ in FIG. 4,
may monitor instructions as they are read from a memory. In
other embodiments, the instructions may be monitored within
an instruction queue, an instruction cache, or instruction pipe-
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line within a processor complex. [f no high current instruction
is observed by CPU monitor 402¢, the method may move to
block 606. If a high current instruction is observed, the
method may move to block 605.

In block 605, in certain embodiments, CPU monitor 402¢
may detect an indication of a high current instruction soon to
be executed by processor 101. In response to the indication,
CPU monitor 402¢ may assert a signal to voltage selector 403.
In some embodiments, CPU monitor 402¢ may send a delay
time associated with the impending high current instruction
execution to indicate how long the high current demand may
last. Once the signal has been asserted, the method may end in
block 610.

Various functional blocks throughout SoC 100 may be
monitored by power state monitoring logic, such as, e.g.,
power state monitor 402q in FIG. 4. Power state monitor 402a
may detect indications of a transition from an off or low
power state to a fully functional state (block 606). Examples
of functional blocks that may be monitored in various
embodiments include, but are not limited to, additional pro-
cessors, communications interfaces (Ethernet, Universal
Serial Bus, Mobile Industry Processor Interface, Peripheral
Component Interconnect Express), audio codecs, video
codecs, and analog circuits (analog-to-digital converters,
digital-to-analog converters, phase-locked loops, delay-
locked loops). Various methods for monitoring power state
transitions of one or more functional blocks may include
detecting enable signals coupled to the functional blocks,
monitoring an address and data bus for commands to enable
the functional blocks, and monitoring status signals or regis-
ter bits corresponding to the power states of the functional
blocks. If no power state transition is observed, the method
may move to block 608. If a power state transition is
observed, the method may move to block 607.

In block 607, an indication of an upcoming power state
transition may be detected. In response to the indication,
power state monitor 402¢ may assert a signal to voltage
selector 403. In some embodiments, a delay time associated
with the impending power state transition may be sent to
indicate how long the high current demand may last. Once the
signal has been asserted, the method may end in block 610.

In block 608, clock monitoring logic may detect indica-
tions of an upcoming change to a frequency of a clock signal.
An increase in a clock signal frequency may result in the
functional blocks utilizing that clock signal to create an
increase in current demand. Clock monitoring logic may
observe commands sent to a clock generation circuit, such as,
e.g., clock management unit 106 and detect when a command
will result in a change to the frequency of a clock signal. In
alternate embodiments, the clock monitoring logic may
receive a signal from clock management unit 106 indicating
that clock management unit 106 is about to change the output
frequency. If no clock signal frequency transition is observed,
the method may move back to block 602. If a clock signal
frequency transition is observed, the method may move to
block 609.

In block 609, an indication of a clock signal frequency
transition may be detected. In response to the indication,
clock monitoring logic may assert a signal to voltage selector
403. In some embodiments, a delay time associated with the
impending clock signal frequency transition may be sent to
indicate how long the high current demand may last. Once the
signal has been asserted, the method may end in block 610.

It is noted that the method illustrated in FIG. 6 is merely an
example embodiment. Variations on this method are possible,
such as, for example, although the method in FIG. 6 illustrates
operations occurring in series, some or all of the operations
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may be performed in parallel or in a different sequence. In
some embodiments, additional operations may be included.

Numerous variations and modifications will become
apparent to those skilled in the art once the above disclosure
is fully appreciated. It is intended that the following claims be
interpreted to embrace all such variations and modifications.

What is claimed is:

1. A system for managing power in a system-on-a-chip
(SoC), comprising:

one or more processors;

a memory coupled to the one or more processors;

a clock generation circuit, configured to output a clock

signal;

one or more functional blocks;

a power supply unit, configured to generate a plurality of

voltage levels at an output of the power supply unit; and

a power management unit, configured to:

set the output of the power supply unit to a first voltage
level,

detect indications of an impending change in current
demand within the SoC;

adjust the output of the power supply unit to a second
voltage level in response to a detection of an indica-
tion of an impending change in current demand;

monitor a voltage level of the output of the power supply
unit;

detect that the impending change in current demand has
occurred in response to a determination that the moni-
tored voltage level of the output of the power supply
unit has stabilized at the second voltage level; and

adjust the output of the power supply unit back to the
first voltage level in response to detecting that the
impending change in current demand has occurred.

2. The system of claim 1, wherein to detect the indications
of the impending change in current demand within the SoC,
the power management unit is further configured to monitor
an instruction pipeline in at least one processor of the one or
more processors.

3. The system of claim 1, wherein to detect the indications
of the impending change in current demand within the SoC,
the power management unit is further configured to monitor a
read/write signal sent to the memory.

4. The system of claim 1, wherein to detect the indications
of the impending change in current demand within the SoC,
the power management unit is further configured to monitor
the clock generation circuit for indications of an upcoming
change in clock frequency.

5. The system of claim 1, wherein to detect the indications
of the impending change in current demand within the SoC,
the power management unit is further configured to monitor a
power status of the one or more functional blocks.

6. The system of claim 1, wherein the power management
unit is further configured to wait a pre-determined amount of
time after detecting the impending change in current demand
has occurred, wherein the pre-determined amount of time
depends upon a source of a cause for the impending change in
current demand.

7. The system of claim 1, wherein to adjust the output of the
power supply unit back to the first voltage level, the power
management unit is further configured to wait until the indi-
cations of the impending change in current demand ceases to
indicate the impending change in current demand.

8. A method for managing power in a computing system,
comprising:

setting an output of a system power supply to a first voltage

level,
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monitoring the computing system for indications of an

impending change in workload;
adjusting the output of the system power supply to a second
voltage level in response to detecting at least one indi-
cation of an impending change in workload;

monitoring a voltage level of the output of the system
power supply;

detecting that the impending change in workload has

occurred in response to determining that the monitored
voltage level of the output of the system power supply
has stabilized at the second voltage level; and
adjusting the output of the system power supply back to the
first voltage level in response to detecting that the
impending change in workload has occurred.

9. The method of claim 8, wherein adjusting the output of
the system power supply back to the first voltage level further
comprises waiting until the at least one indication of the
impending change in workload ceases to indicate the impend-
ing change.

10. The method of claim 8, wherein monitoring the com-
puting system for the indications of the impending change in
workload further comprises monitoring an address bus.

11. The method of claim 8, wherein monitoring the com-
puting system for the indications of the impending change in
workload further comprises monitoring functional blocks
within the computing system for given states of activity,
wherein the given states of activity include a low power state
and a high activity state.

12. The method of claim 8, wherein monitoring the com-
puting system for the indications of the impending change in
workload further comprises monitoring commands to a clock
generation circuit.

13. The method of claim 8, further comprising waiting a
pre-determined amount of time in response to detecting the
impending change in workload has occurred, then adjusting
the output of the system power supply back to the first voltage
level.

14. The method of claim 13, wherein the pre-determined
amount of time depends upon a source of a cause for the
impending change in workload.

15. An apparatus for managing power, comprising:

a power supply circuit, configured to have an adjustable

output voltage level;

a system monitor unit; and

a voltage selector circuit, coupled to the system monitor

and coupled to the power supply circuit, wherein the
voltage selector circuit is configured to set an output of
the power supply circuit to a first voltage level;
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wherein the system monitor unit is configured to detect
indications of an impending change in current consump-
tion;

wherein the voltage selector circuit is further configured to

adjust the output of the power supply circuit to a second
voltage level in response to the system monitor unit
detecting at least one indication of an impending change
in current consumption;

wherein the system monitor unit is further configured to:

monitor a voltage level of the output of the power supply
circuit; and

detect that the impending change in current consump-
tion has occurred in response to a determination that
the monitored voltage level of the output of the power
supply circuit has stabilized at the second voltage
level,

and wherein the voltage selector circuit is further config-

ured to adjust the output of the power supply circuit to a
third voltage level in response to the system monitor unit
detecting that the impending change in current con-
sumption has occurred.

16. The apparatus of claim 15, wherein the third voltage
level is equal to the first voltage level.

17. The apparatus of claim 16, wherein a value of the
second voltage level is dependent upon data from the system
monitor unit corresponding to a cause for the impending
change in current consumption.

18. The apparatus of claim 15, wherein the voltage selector
circuit is further configured to wait a pre-determined amount
oftime after the system monitor unit has detected the impend-
ing change in current consumption has occurred before
adjusting the output of the power supply circuit to the third
voltage level, wherein the pre-determined amount of time
depends upon a source of the impending change in current
consumption.

19. The apparatus of claim 15, wherein to adjust the output
of the power supply circuit to the third voltage level, the
voltage selector circuit is further configured to wait until the
at least one indication of the impending change in current
demand ceases to indicate the impending change in current
consumption.

20. The apparatus of claim 15, wherein to detect the indi-
cations of the impending change in current consumption, the
system monitor unit is further configured to monitor an
address bus.



